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Title: A VALVE PIN GUIDE FOR A VALVE-GATED NOZZLE 
Field of the invention 

[0001] This invention relates to an injection molding apparatus, and 
more particularly to a guide for a valve pin in a valve-gated nozzle. 

Background of the invention 
5 [0002] It is known for a nozzle in hot runner injection molding 
apparatuss to include a valve pin gating mechanism at each gate into each 
mold cavity. The valve pin is typically moved in a melt channel of the nozzle 
towards or away from the gate, to control the flow of melt into the melt cavity. 
In order to provide a good seal at the gate, both the tip portion of the valve pin 
10 and the corresponding sealing surface on the gate must typically be machined 
to very close tolerances. 

Due to a variety of reasons, however, the tip of the valve pin may be 
misaligned with the gate as it enters the gate. For example, the nozzle in 
which the valve pin moves may be misaligned with the gate. Also, thermal 

15 expansion and contraction of the components of the injection molding 
machine, which takes place repeatedly during an injection molding campaign 
can cause components to shift, ultimately resulting in misalignment of the 
nozzle and valve pin with the gate. Non-homogeneity in the melt itself can 
cause the melt to exert uneven fluid pressure on the valve pin body, which 

20 can push the sealing end of the valve pin out of alignment with the gate. 

[0003] When a misaligned valve pin is moved to close a gate, the valve 
pin collides with the gate and can cause scoring of the sealing surfaces on the 
valve pin and/or the gate. This can ultimately result in poor quality parts with 
blemishes around the gate, and can cause other problems with the molding 

25 operation. Furthermore, a damaged valve pin or gate can be expensive and 
time consuming to replace. The damage may happen immediately, or 
alternatively it may happen gradually, over many cycles of opening and 
closing the valve pin. 

[0004] Solutions that have been proposed for this problem, have 
30 typically included a guide means positioned towards the bottom of the nozzle 
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melt channel to capture and align the free end of the valve pin. Because melt 
is required to flow past the alignment means / valve pin interface when the 
valve pin is in the open position, a plurality of circumferentially spaced slots 
are typically provided in either the valve pin or the alignment means. In doing 
5 so, these slots create the potential for weld lines to appear in the molded 
product, as a result of the melt flow in the nozzle melt channel separating to 
pass around the guide means, and subsequently reuniting downstream from 
the guide means. Furthermore, the presence of such guide means in the 
nozzle melt channel typically renders more difficult a cleanout of the nozzle 
10 melt channel, hampering for example the changeover of a machine to run a 
new melt. 

[0005] Other solutions have provided an offset nozzle melt channel 
which has a main portion that is offset from the center of the nozzle, and a 
lowermost portion that is aligned with the gate. The valve pin passes through 

15 the nozzle body and extends only into the lowermost portion of the nozzle 
melt channel. In this way, the valve pin is captured along a substantial portion 
of its length, which makes it less susceptible to misalignment. However, 
because a substantial portion of the nozzle melt channel is offset from the 
center of the nozzle, the heat distributed to the melt flowing therethrough is 

20 uneven, which can cause difficulties in controlling melt temperature. 
Reference is made to US Patent Nos. 5,834,041 (Sekine et al) and 5,895,669 
(Seres, Jr et al), which disclose embodiments of this genre of proposed 
solution. 

[0006] Other problems also exist, which originate from the manufacture 
25 of the nozzles themselves instead from the properties of the melt flow. 
Manufacturing errors may exist in the nozzles, which can introduce a 
misalignment between the valve pin and the gate that is 'built-in*. The guide 
means that are described above, which are built into the nozzle itself, do 
nothing to correct this particular cause of misalignment. 

30 [0007] Thus, a need exists for a nozzle having an improved guide for 
guiding the valve pin into the gate. 
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Summarv of the invention 

[0008] In a first aspect the invention is directed to a valve pin guide for 
guiding a valve pin from a nozzle into a gate of a mold cavity in an injection 
molding apparatus. The valve pin guide defines a guide aperture 
5 therethrough. The guide aperture is adapted to receive and guide the valve 
pin into alignment with the gate. The valve pin guide is positioned 
downstream from said nozzle and upstream from said gate. 

[0009] In a second aspect, the invention is directed to an injection 
molding apparatus that incorporates at least one of the valve pin guide 
10 described above. 

[0010] In a third aspect, the invention is directed to an injection molding 
apparatus. The injection molding apparatus includes a mold cavity block, an 
injection nozzle, a valve pin and a valve pin guide. The mold cavity block 
defines a mold cavity therein. The mold cavity has a gate. The mold cavity 

15 block has a first bore and a second bore. The gate is positioned in the 
second bore. The first bore is larger in diameter than the second bore. A 
melt channel is defined in the injection nozzle to convey melt towards the 
gate. The valve pin is positioned at least partially in the melt channel and is 
movable to control melt flow into the gate. The valve pin guide is adapted to 

20 receive and guide the valve pin into alignment with the gate. The valve pin 
guide is positioned in the first bore. 

Brief description of the drawings 

[0011] Reference will now be made by way of example to the 
accompanying drawings, showing articles made according to preferred 
25 embodiments of. the present invention, in which: 

[0012] Figure 1 is a sectional view of an injection molding apparatus 
having a plurality of valve-gated nozzles and a plurality of valve pin guides in 
accordance with a first embodiment of the present invention; 

[0013] Figure 2 is a sectional side view of one of the nozzles shown in 
30 Figure 1; 
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[0014] Figures 2a, 2b, 2c and 2d are magnified sectional side views of 
a valve pin guide shown in Figure 2 aligning a valve pin entering a gate; 

[0015] Figure 2e is a magnified sectional side view of the valve pin 
guide and a bore in the mold cavity block shown in Figure 2; 

5 [0016] Figure 3a is a cross-section view of a plurality of cutouts that are 
optionally included on a portion of the valve pin shown in Figure 2; 

[0017] Figure 3b is a cross-sectional view of a plurality of cutouts that 
are optionally included on the valve pin guide shown in Figure 2; 

[0018] Figure 3c is a cross-sectional view of a plurality of cutouts that 
10 are optionally included on the tip of the nozzle shown in Figure 2; 

[0019] Figure 4 is a sectional side view of a valve pin guide in 
accordance with another embodiment of the present invention; 

[0020] Figure 4a is a sectional side view of a variant of the valve pin 
guide shown in Figure 4; 

15 [0021] Figure 5 is a sectional side view of a combination of the valve 
pin guide shown in Figure 2, with a variant of the nozzle shown in Figure 2, in 
accordance with yet another embodiment of the present invention; 

[0022] Figure 6 is a sectional side view of a combination of the valve 
pin guide shown in Figure 2, with another variant of the nozzle shown in 
20 Figure 2, in accordance with yet another embodiment of the present invention; 

[0023] Figure 7 is a sectional side view of a combination of the valve 
pin guide shown in Figure 2 with yet another variant of the nozzle shown in 
Figure 2, in accordance with yet another embodiment of the present invention; 

[0024] Figure 8 is a sectional side view of a combination of the valve 
25 pin guide shown in Figure 2 with yet another variant of the nozzle shown in 
Figure 2, in accordance with yet another embodiment of the present invention; 

[0025] Figure 9 is a sectional side view of a combination of the valve 
pin guide shown in Figure 2 with yet another variant of the nozzle shown in 
Figure 2, in accordance with yet another embodiment of the present invention; 
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[0026] Figure 10 is a sectional side view of a combination of the valve 
pin guide shown in Figure 2 with yet another variant of the nozzle shown in 
Figure 2, in accordance with yet another embodiment of the present invention; 

[0027] Figure 11 is a sectional side view of a combination of the valve 
5 pin guide shown in Figure 2 with yet another variant of the nozzle shown in 
Figure 2, in accordance with yet another embodiment of the present invention; 

[0028] Figure 12 is a sectional side view of a combination of the valve 
pin guide shown in Figure 2 with yet another variant of the nozzle shown in 
Figure 2, in accordance with yet another embodiment of the present invention; 

10 [0029] Figure 13 is a sectional side view of a combination of the valve 
pin guide shown in Figure 2 with a variant of the mold cavity block shown in 
Figure 2, in accordance with yet another embodiment of the present invention; 

[0030] Figure 14 is a sectional side view of a valve pin guide in 
accordance with yet another embodiment of the present invention, in 
1 5 combination with a variant of the valve pin shown in Figure 2; 

[0031] Figure 15 is a sectional view of an injection molding machine 
having a plurality of valve pin guiding and alignment systems in accordance 
with the prior art; and 

[0032] Figures 16a, 16b, 16c and 16d are magnified sectional side 
20 views showing the operation of a valve pin and mold plate of the prior art. 

Detailed description of the invention 

[0033] Reference is made to Figure 15, which shows an injection 
molding machine 1010 of the prior art. The injection molding machine 1010 
includes one or more runners 1012, that transfer melt from an inlet 1014 to 
25 one or more nozzles 1016. The runners 1012 are defined within one or more 
molding machine plates, such as, for example, a manifold 1018. The inlet 
1014 is adapted to be fluidly connected to a melt source (not shown). 
[0034] The nozzles 1016 transfer melt from the runners 1012 through 
one or more gates 1020 and into one or more mold cavities 1022 defined in a 
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mold plate 1024. A heater 1025 may heat each nozzle 1016. Each nozzle 
1016 defines a nozzle melt channel 1026 which is in fluid communication with 
a runner 1012 and thus, with the melt source. 

[0035] A valve pin 1028 is movable within each nozzle melt channel 
5 1026 to open and close one of the gates 1020, permitting or restricting the 
flow of melt into the mold cavity 1022. The configuration of the end portion of 
the valve pin 1028 and the gate 1020 and their engagement are shown in 
more detail in Figures 16a, 16b, 16c and 16d. The valve pin 1028 typically 
includes a generally cylindrical body 1030, a cylindrical sealing surface 1031, 
10 which is typically on the endmost portion of the body 1030, and an end face 
1032. The edge between the end face 1032 and the sealing surface 1031 is 
shown at 1034 and is typically chamfered to facilitate the introduction of the 
valve pin 1 028 into the gate 1 020. 

[0036] Due to the fact that the end face 1032 and chamfered edge 
15 1034 will ultimately make up a portion of the surface of the mold cavity 1022, 
there may be design restrictions on the angle of the chamfered edge 1034. 
For example, the chamfered edge 1034 may be limited to having a relatively 
shallow angle with respect to the end face 1032 so as to provide a certain 
shape in the molded part. 

20 [0037] The gate 1020 typically includes a cylindrical sealing surface 
1036 adjacent the mold cavity 1022, and also includes a chamfered inlet 
surface 1038. The sealing surface 1036 receives and cooperates with the 
sealing surface 1031 of the valve pin 1028 to seal the gate 1020 against melt 
flow into the mold cavity 1022. The chamfered inlet surface 1038 cooperates 

25 with the chamfered edge 1034 on the valve pin 1028 to facilitate the 
introduction of the valve pin 1028 into the gate 1020. 

[0038] The movement of the valve pin 1028 will now be described. In 
Figure 16a, the valve pin 1028 is shown spaced from the gate 1020. The 
valve pin 1028 may be misaligned with the gate 1020 to any degree. When 
30 the valve pin 1028 is moved to close the gate 1020, if there is any 
misalignment of the valve pin 1028 and gate 1020, the valve pin 1028 first 
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contacts the gate 1020 in the manner shown in Figure 16b. The first contact 
is made by the chamfered edge 1034 and the chamfered inlet surface 1038. 
As the valve pin 1028 moves forward to close the gate 1020, the chamfered 
edge 1034 slides off the chamfered inlet surface 1038 thereby guiding the 
5 valve pin 1028 into alignment with the gate 1020. The valve pin 1028 then 
moves forwardly in the sealing surface 1036 of the gate 1020, as shown in 
Figure 16c until arriving at the 'closed' position, as shown in Figure 16d. It will 
be appreciated that the 'closed' position of the valve pin 1028 need not be as 
shown in Figure 16d. After a number of molding cycles, the repeated contact 
10 between the valve pin 1028 and the inlet surface 1036 of the gate 1020 can 
eventually result in one or both of the sealing surface 1031 of the valve pin 
1 028 and the sealing surface 1 036 of the gate 1 020 being scored , worn away 
or otherwise damaged. 

[0039] The portions of the valve pin 1028 and the gate 1020 that can 
15 be damaged are shown at 1039a and 1039b respectively. This damage can 
result in melt leaking past the gate 1020 after the gate 1020 is closed, and 
can also result in blemishes on the molded part. Thus, depending on the 
needs of the molding operation, the valve pin 1028 and the gate 1020 may 
require repair or replacement. It will be noted that the scoring or damage 
20 shown at 1039a and 1039b can occur almost immediately, depending on the 
nature of the molding operation, and thus poor quality parts can result virtually 
immediately. This problem is exacerbated if the angle of the chamfered edge 
1034 on the valve pin 1028 is shallow, because the contact forces between 
the valve pin 1028 and the gate inlet surface 1038 can further promote wear, 
25 scoring or other damage. 

[0040] Reference is made to Figure 1, which shows an injection 
molding apparatus 10, having a manifold 12, a plurality of nozzles 14, valve 
pins 16, valve pin actuators 18, a plurality of valve pin guides 20 in 
accordance with a first embodiment of the present invention, and a mold 
30 cavity block 22. 
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[0041] Manifold 12 includes a plurality of runners 23 (also known as 
melt channels), which have an inlet 24, which receives melt from a melt 
source (not shown), and transport the melt to the nozzles 14. Manifold 12 
may be heated by a heater 25. 

5 [0042] Reference is made to Figure 2. Each nozzle 14 has a nozzle 
body 26. The nozzles 14 may have a separate tip 27, and may further have a 
separate tip retainer 28. The nozzles 14 each have a nozzle melt channel 29 
that extends therethrough to transport melt from the manifold 12 to an outlet 
30. Each nozzle 14 may have a heater 31 , which may be any suitable type of 
10 nozzle heater. For example, the heater 31 may be a wrapped wire heater, 
such as is shown in Figure 2. 

[0043] The tip 27 may be made from a thermally conductive material to 
facilitate the conduction of heat from the heater 31 to any melt flowing through 
the tip 27. Furthermore, the tip 27 may also be made from a wear-resistant 
15 material. For example, the tip 27 may be made from Tungsten Carbide. The 
tip 27 may alternatively be made from a thermally insulative material to reduce 
heat transfer out of any melt flowing therethrough. 

[0044] The tip retainer 28 may further seal against a first bore 40 in the 
mold cavity block 22. The tip retainer 28 be made from a thermally insulative 
20 material, such as titanium, mold steel, or chrome steel, to reduce heat transfer 
to the mold cavity block 22. 

[0045] The mold cavity block 22 has a plurality of mold cavities 32, 
which may be cooled by a cooling fluid flowing through a plurality of cooling 
channels 33. Each mold cavity 32 has an inlet 34, which is commonly 

25 referred to as a gate 34. An axis 36 extends along the centerline of the gate 
34 and the nozzle melt channel 29. The valve pin 16 is generally centered 
along axis 36, and is movable along axis 36 by the actuator 18, to open and 
close the gate 34 into the mold cavity 32. The valve pin 16 is shown in the 
Figures in the open position on the left side of axis 36, and in the closed 

30 position on the right side of axis 36. 



WO 03/070446 



PCT/CA03/00244 



-9- 

[0046] The valve pin 16 has a body 43 and a tip 37. The tip 37 is sized 
to mate with the gate 34. When the tip 37 is inserted into the gate 34, a 
sealing surface 37a on the tip 37 cooperates with the gate 34 to seal against 
melt flow therebetween into the mold cavity 32. The tip 37 has a bottom face 
5 37b. The bottom face 37b meets the sealing surface 37a along an edge 37c. 
The edge 37c may be a simple edge (as shown), or may alternatively be 
chamfered, depending on the specific requirements of the molding operation. 
It will be appreciated that having a simple edge 37c (ie. having substantially 
no chamfer on the edge 37c) provides better aesthetics on the molded part 
10 that is formed in the mold cavity 32. This is because the unchamfered bottom 
face 37b can be made to be substantially flush with the surrounding surfaces 
of the mold cavity 32. By contrast, a chamfered edge cannot be made flush, 
and will therefore leave a mark of some kind on the molded part, such as an 
indent or a vestige of some kind. 

15 [0047] Upstream from the tip 37, the valve pin 16 may have a guide 
surface 38, which may have a larger diameter than the tip 37. A shoulder 35, 
which may be coned, transitions from the guide surface diameter down to the 
tip diameter. The shoulder 35 and the guide surface 38 are discussed further 
below. 

20 [0048] Each valve pin guide 20 is positioned between one of the 
nozzles 14 and the mold cavity block 22. The valve pin guide 20 cooperates 
with the valve pin 16 to align the valve pin 16 with the gate 34. This inhibits 
damage to the gate 34 upon entry of the valve pin 16 therein. 

[0049] In the embodiment shown in Figure 2, the valve pin guide 20 
25 cooperates with the guide surface 38 and the shoulder 35 to align the valve 
pin 16 with respect to the gate 34. By aligning the valve pin 16 on these 
surfaces and not on the sealing surface 37a and the bottom face 37b, the 
sealing surface 37a and the bottom face 37b are at least somewhat protected 
from wear during entry into the gate 34. 
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[0050] Furthermore, aligning the valve pin 16 on the guide surface 38 
and the shoulder 35 permits the use of the unchamfered bottom face 37b, 
which provides improved aesthetics in the molded parts (not shown). 
[0051] The valve pin guide 20 may be made, for example, from a single 

5 piece. Alternatively, however, the valve pin guide 20 may be made from two 
or more pieces as is discussed in more detail further below. Each valve pin 
guide 20 includes a peripheral edge 39 that cooperates with the first bore 40 
in the mold cavity block 22 to align the valve pin guide 20 relative to the axis 
36. Valve pin guide 20 may fit tightly in the first bore 40, by means of, for 

10 example an interference fit, to prevent the inadvertent movement of valve pin 
guide 20 in the first bore 40. The valve pin guide 20 may be made to be 
removable and replaceable once it is worn too much to align the valve pin 20 
suitably. Thus, the guide 20 may be replaced, saving the time and expense of 
repairing the gate 34, or replacing the molding apparatus component 

15 containing the gate 34. 

[0052] The valve pin guide 20 has a guide body 21a, which has a guide 
aperture 21b therethrough, which guides the valve pin 16 for entry into the 
gate 34. The guide aperture 21b may be centered along the axis 36. 
[0053] The guide aperture 21b may have an upstream portion 21c and 
20 a downstream portion 21 d. The upstream portion 21c may be coned to 
facilitate the insertion of the valve pin 16 therein and to inhibit the valve pin 16 
from jamming against the valve pin guide 20 if. the tip 37 of the valve pin 16 is 
offset from the axis 36. 

[0054] The valve pin guide 20 may optionally have a sealing face 48, 
25 which cooperates with a bottom shoulder 50 in the first bore 40 to inhibit melt 
leakage therebetween. The peripheral edge 39 may also be a sealing face, 
inhibiting melt leakage between it and the first bore 40. The sealing face 48 
and the peripheral edge 39 may seal in any suitable way, such as by a 
mechanical seal. 
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[0055] A second bore 51 may extend from the bottom shoulder 50 
further into the mold cavity block 22. The gate 34 may be positioned in the 
second bore 51, as shown. The second bore 51 may be concentric with the 
first bore 40. 

5 [0056] The valve pin guide 20 may be made from any suitable material, 
such as, for example, steel, Tungsten Carbide, Beryllium-Copper, and 
Tungsten-Zirconium-Molybdenum. Any material from which the tip 27 or the 
tip retainer 28 are made can be used for the valve pin guide 20. The valve pin 
guide 20 may be thermally insulative, or thermally conductive, or may be 

10 made from more than one material, depending on the requirements of the 
molding operation. For example, the valve pin guide 20 may include an outer 
piece made from a thermally insulative material, such as titanium, mold steel, 
or chrome steel, or Vespel ™, and may include an inner piece made from a 
thermally conductive material, or from a wear-resistant material, such as 

15 Tungsten Carbide. 

[0057] In use, melt flows from, a melt source (not shown), through the 
manifold runners 23, through the nozzle melt channel 29, through aperture 
21b, through the gate 34 and into the mold cavity 32. The nozzle 14 is heated 
by the heater 31, to heat the melt flowing therethrough. As the nozzle 14 is 
20 heated, it undergoes thermal expansion, during which time it may or may not 
contact the valve pin guide 20. 

[0058] Reference is made to Figure 2e. In the embodiment shown, 
melt is permitted to accumulate in the second bore 51 around the valve pin 
guide 20. The melt can act as a thermal insulator between the valve pin guide 

25 20 and the mold cavity block 22. In an embodiment not shown, it is 
alternatively possible for the valve pin guide 20 to contact the mold cavity 
block 22 immediately adjacent the gate 34, so as to form a closed conduit 
from the guide aperture 21b into the gate 34, and thus prevent melt from 
leaking into the second bore 51. While this would provide an insulative air 

30 gap between substantially all of the guide 20 and the mold cavity block 22, 
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this would provide some heat loss from the guide 20 into the mold cavity 22 
proximate the gate 34. 

[0059] Due to the layout of the runners 23 and other factors, the melt 
flowing through the nozzle 14 may have varying properties across its cross- 
5 section, and may thus push the tip 37 of the valve pin 16 so that it is offset 
from the axis 36. 

[0060] As the valve pin 16 is extended by the actuator 18 (Figure 1), 
the valve pin guide 20 realigns the tip 37 with the axis 36, so that the tip 37 is 
suitably aligned prior to contacting the gate 34. Once the valve pin 16 closes 
10 the gate 34, the mold cavity block 22 is cooled in order to solidify the melt in 
the mold cavity 32, thereby forming a molded part (not shown). The mold 
cavity block 22 is then opened; the molded part is ejected from the mold 
cavity 32, and the mold cavity block 22 is closed again. The valve pin 16 is 
withdrawn from the gate 34 and the cycle is started again. 

15 [0061] Reference is made to Figures 2a, 2b, 2c and 2d, which illustrate 
the alignment of the valve pin 16 by means of the valve pin guide 20 prior to 
contact with the gate 34. The shoulder 35 and valve pin guiding surface 38 
cooperate with the upstream and downstream portions 21c and 21 d of the 
guide aperture 21b, to bring the valve pin 16 into alignment with the gate 34. 

20 [0062] As the valve pin 16 moves from the position shown in Figure 2a 
towards the gate 34, if there is any misalignment between the valve pin 16 
and the gate 34, the first contact occurs between the valve pin shoulder 35 
and the upstream portion 21c, as shown in Figure 2b. 

[0063] The shoulder 35 and the upstream portion 21c may be provided 
25 with any selected cone angles. The cone angles can be selected to reduce 
the risk of scoring or otherwise damaging one or both of the valve pin 16 or 
the valve pin guide 20, upon first contact or upon any subsequent sliding 
contact. 

[0064] It will be noted that the valve pin shoulder 35, the valve pin 
30 guide surface 38, and the upstream and downstream portions 21c and 21 d of 
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the guide aperture 21b are larger in diameter than the valve pin tip 37 and the 
gate 34. By having the contact and sliding occur on these larger diameter 
surfaces 35, 38, 21c and 21 d, a longer service life can be achieved before 
requiring repair or replacement of the valve pin 16 and the valve pin guide 20. 

5 [0065] One or both of valve pin shoulder 35 and the upstream portion 
21c on the guide 20 may be hardened by any suitable surface treatment 
means, to further reduce the risk of scoring. One of the surfaces 35 and 21c 
may be selected to be harder than the other, so that the softer of the two may 
be 'sacrificed' during the repeated contacting and sliding that occurs during an 
10 injection molding campaign. The surface 35 or 21c that is selected to be 
sacrificed may be, for example, on the part that is the less expensive of the 
two, the easier of the two or the less time consuming of the two to replace. 

[0066] As the valve pin 16 is moved towards the gate 34, the shoulder 
35 and upstream portion 21c of the guide aperture 21b cooperate to bring the 

15 valve pin 16 into alignment with the gate 34. Once the shoulder 35 is moved 
past the upstream portion 21c, the valve pin guiding surface 38 and the 
downstream portion 21 d of the guide aperture 21b contact each other to 
maintain the valve pin 16 in alignment with the gate 34 (see Figure 2c). The 
valve pin 16 is then moved towards and into the gate 34, to close the gate 34, 

20 as shown in Figure 2d. 

[0067] The valve pin guiding surface 38 and the downstream portion 
21d of the guide aperture 21b may be surface treated in a similar way to the 
shoulder 35 and the upstream portion 21c of the guide aperture 21b and may 
also include one surface 38 or 21 d that is selected to be sacrificial. 

25 [0068] It will be noted that, because the valve pin 16 is aligned with the 
gate 34 before contacting the gate 34, the edge 37c on the valve pin tip 37 is 
not required. By not chamfering the edge 37c, it is possible to virtually 
eliminate any mark on the molded part, because the bottom face 37b may be 
made flush with the interior surface of the mold cavity 32. Nonetheless, a 

30 chamfered edge may be included optionally (not shown). The chamfered 
edge may have any suitable shape as desired to meet the aesthetic 
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requirements of the molded part, with little or no effect on the ability of the 
valve pin 16 to enter and close the gate 34. 

[0069] The portions of the components shown in Figures 2a - 2d that 
incur wear and damage are shown at 64a and 64b. These portions 64a and « 
5 64b are positioned away from the sealing surface 37a and the gate 34. Thus, 
by incorporating the valve pin guide 20 and the shoulder 35 and the guiding 
surface 38 on the valve pin 16, the service life of the valve pin 16 may be 
extended beyond the service life of the valve pin 1028 of the prior art (Figures 
16a-16d). Furthermore, since damage from misalignment to the gate 34 and 
10 optionally to the valve pin sealing surface 37a is reduced or eliminated, a 
source of blemishes on the molded parts is reduced or eliminated. 

[0070] It will be appreciated that numerous modifications to the 

injection molding cycle may be made without departure from the invention. 
For example, the cooling of the mold cavity block 22 may begin prior to the 
1 5 closure of the gate 34 by the valve pin 1 6. 

[0071] Optionally, the valve pin 16 may have a pressure relief portion 
52, which is a portion just aft of the tip 37, which has a plurality of cutouts 54, 
which are shown more clearly in the cross-sectional view in Figure 3a. 
Cutouts 54 permit melt to backflow past the valve pin guide 20 when the valve 

20 pin 16 is closing the gate 34. This backflow is caused by the valve pin 16 
itself, as the pressure relief portion 52 and tip 37 move forward and occupy 
space in the guide aperture 21b that was formerly occupied by melt. 
Alternatively, the pressure relief portion 52 may have only one cutout 54 to 
permit the backflow of melt during closing of the gate 34. The cutouts 54 may 

25 extend along a sufficient length of the valve pin 16, to permit the backflow of 
melt past the valve pin guide 20, and past the outlet 30 of the nozzle 14. 

[0072] As another alternative, the pressure relief portion 52 of the valve 
pin 16 may be cylindrical and free of cutouts, and the valve pin guide 20 may 
have cutouts 56, to permit the backflow of melt, as shown in Figure 3b. As a 
30 further alternative, the nozzle tip 27 may have cutouts 58 (see Figure 3c), 
which are similar to the cutouts 56, and which function together with the 
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cutouts 56 in the valve pin guide 20 to permit backflow of melt past the valve 
pin guide 20 and past the outlet 30 of the nozzle 14. 

[0073] As another alternative, the diameters of the pressure relief 
portion 52 of the valve pin 16 may be sized so that suitable clearances exist 
5 between the pressure relief portion 52 and the outlet 30 of the nozzle 14, and 
between the pressure relief portion 52 and the valve pin guide 20, so that melt 
is permitted to backflow therepast as necessary. The applicant makes 
reference to PCT publication WO 01/78961 (Mold Masters Limited et al.) t 
which describes cutouts and clearances and is hereby incorporated by 
10 reference. 

[0074] Reference is made to Figure 4, which shows a valve pin guide 
100 in accordance with a second embodiment of the present invention. Valve 
pin guide 100 is similar to valve pin guide 20, (Figure 2) except that valve pin 
guide 100 includes a lip 102 that extends from its upper surface which is 

15 shown at 104. The lip 102 slidably mates with a vertical wall of the nozzle tip 
27, facilitating heat transfer between the tip 27 and the valve pin guide 100. 
The heat transfer permits the valve pin guide 100 to heat melt flowing through 
the guide aperture 21b. By configuring lip 102 to mate slidably with a vertical 
wall of the nozzle tip 27, the nozzle tip 27 is permitted to move towards the 

20 valve pin guide 100 during thermal expansion of the nozzle 14 when the 
nozzle 14 is heated. 

[0075] In this embodiment, the valve pin guide 100 may be made from 
a thermally conductive material, such as steel or Tungsten Carbide, in order 
to transfer heat from the tip 27 to the melt in the guide aperture 21b. 

25 Alternatively, as shown in Figure 16a, the valve pin guide 100 may be made 
from two materials, whereby the valve pin guide 100 comprises a guiding 
portion 106 made from a thermally conductive material, such as steel or 
Tungsten Carbide, and an insulating portion 108 made from a thermally 
insulative material to reduce heat lost to the mold cavity block 22. The 

30 guiding portion 106 defines the guide aperture 21b and the lip 102, and the 



WO 03/070446 



PCT/CA03/00244 



-16- 

insulating portion 108 contacts the mold cavity block 22, to reduce the amount 
of heat transferred from the guide 20 into the mold cavity block 22. 
[0076] Reference is made to Figure 5, which shows a combination of 
the valve pin guide 20 and a hold-down spring 202, in accordance with a third 
embodiment of the present invention. The hold-down spring 202 is positioned 
between the upper surface of the valve pin guide 20, which is shown at 204 
and a shoulder 206 on the tip 27, or on any other suitable portion of the 
nozzle 14. Even during portions of the molding cycle when the nozzle 14 is 
cooler, and is therefore spaced relatively far from the valve pin guide 20, the 
hold-down spring 202 remains under compression and maintains a hold-down 
force on the valve pin guide 20, to ensure that valve pin guide 20 is held in 
place in the first bore 40 against shoulder 50. During portions of the molding 
cycle when the nozzle 14 is hotter, and has thermally expanded downwards 
towards the valve pin guide 20, the hold-down spring 202 flexes to account for 
the change in length of the nozzle 14, and continues to apply a hold-down 
force on the valve pin guide 20. 

[0077] The hold-down spring 202 may be any suitable type of spring, 
such as, for example, a metallic C-ring, as shown in Figure 4. The metallic C- 
ring has a C-shaped cross-section, for improved flexibility relative to a metallic 
O-ring. Any material may be used for the C-ring depending on the 
environment in the molding operation. 

[0078] Reference is made to Figure 6, which shows the valve pin guide 
20 positioned between a nozzle 300 and mold cavity block 22. Nozzle 300 is 
similar to nozzle 14 (Figure 2), except that nozzle 300 has a tip 302 that 
mounts into the nozzle body 26 without the use of a tip retainer. For example, 
the tip 302 may be threaded, and may mate with a threaded portion in the 
nozzle body 26. 

[0079] Reference is made to Figure 7, which shows the valve pin guide 
20 positioned between a nozzle 400 and mold cavity block 22. Nozzle 400 is 
similar to nozzle 14, except that nozzle 400 includes a nozzle heater 402 that 
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is wrapped outside the nozzle body 26, instead of being embedded within the 
exterior surface of the nozzle body 26. 

[0080] Reference is made to Figure 8, which shows the valve pin guide 
20 positioned between a nozzle 500 and mold cavity block 22. Nozzle 500 is 

5 similar to nozzle 14, except that nozzle 500 includes a nozzle heater 502 that 
is a band heater, instead of a wrapped wire heater (Figure 2). 
[0081] Reference is made to Figure 9, which shows the valve pin guide 
20 positioned between a nozzle 600 and mold cavity block 22. Nozzle 600 is 
similar to nozzle 14 (Figure 2), except that nozzle 600 has a tip that is integral 

10 with a nozzle body. The nozzle 600 also includes a separate alignment and 
seal piece 602. The alignment and seal piece 602 mates with a bore 604, 
and mates with a shoulder 606 and a vertical portion 608 of the exterior 
surface of the nozzle 600 to align the nozzle 600 relative to the gate 34, and 
to seal against melt leakage. In this embodiment, melt is permitted to fill a 

15 chamber 610 that is defined by the exterior surface of the nozzle 600, the 
mold cavity block 22 and the seal piece 602. By filling the chamber 610 with 
melt, the melt acts as a thermal insulator between the mold cavity block 22 
and the nozzle 600. 

[0082] Reference is made to Figure 10, which shows the valve pin 
20 guide 20 positioned between a nozzle 700 and mold cavity block 22. Nozzle 
700 is similar to nozzle 14, except that nozzle 700 is a one-piece 
configuration, which has a body 702, a tip 704 and a sealing and alignment 
portion 706 that are all integrally joined together. In this embodiment, the 
sealing and alignment portion 706 is positioned in the first bore 40. 

25 [0083] Reference is made to Figure 1 1 , which shows a valve pin guide 
800 in accordance with another embodiment of the present invention. Valve 
pin guide 800 is similar to valve pin guide 20 (Figure 2), except that valve pin 
guide 800 includes an inner piece 806 and an outer piece 808. The inner 
piece 806 includes the portion defining the guide aperture 21b, and the outer 

30 piece 808 includes the portion contacting the mold cavity block 22. The inner 
piece 806 may have a first selected mechanical or thermal property, and the 
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outer piece 808 may have a second selected mechanical or thermal property. 
For example, the inner piece 806 may be made from a wear resistant 
material, such as Tungsten Carbide to resist wear from melt flowing 
therethrough and from contact with the valve pin 16, and the outer piece 808 
5 may be made from any suitable thermally insulative material, such as 
Vespel™, to reduce heat losses to the mold cavity block 22. Any suitable 
combination of mechanical and thermal properties can be selected for the 
inner and outer pieces 806 and 808. 

[0084] Reference is made to Figure 12, which shows a valve pin guide 
10 900 in accordance with another embodiment of the present invention. The 
valve pin guide 900 is similar to the valve pin guide 20 (Figure 2), except that 
the valve pin guide 900 does not require a sealing surface on its peripheral 
edge, which is shown at 902. The peripheral edge 902 may be an alignment 
edge, and mates with a portion of the tip retainer 28 on the nozzle 14. The 
15 portion of the tip retainer 28 may be, for example an inside surface of the tip 
retainer 28, shown at 904. 

[0085] The valve pin guide 900 may be made from a thermally 
conductive material or a thermally insulative material, such as any material 
from which the tip 27 or the tip retainer 28 is made. 

20 [0086] Reference is made to Figure 13, which shows a valve pin guide 
950 upstream from a gate insert 952. The gate insert 952 has the gate 34 
therein and defines at least a portion of a mold cavity 954. For that reason, 
portions of the gate insert 952 may have to be machined and surfaced to 
stricter tolerances than is required for the valve pin guide 950. Furthermore, 

25 the gate insert 952 may have to be fitted and positioned very carefully with 
respect to surrounding molding apparatus components, eg. a mold plate 956, 
so that the joint therebetween does not leave a mark on the molded parts (not 
shown). It can be easier and less expensive to replace the valve pin guide 
950 than it is to replace the gate insert 952. 

30 [0087] Reference has been made to the use of a valve pin guide in 
accordance with the present invention, with a mold cavity block having a gate 
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directly therein and a mold cavity block having a gate insert with the gate 
therein. It will be appreciated that the valve pin guide of the present invention 
may also be used with any other suitable gate-containing component, such as 
a transfer seal. 

5 [0088] Reference is made to Figure 14, which shows a valve pin guide 
960 in combination with a valve pin 962, in accordance with another 
embodiment of the present invention. The valve pin guide 960 may be similar 
to any of the valve pin guides described herein, except that the valve pin 
guide 960 has a guide aperture 964 instead of the guide aperture 21b (Figure 

10 2). Unlike the guide aperture 21 b (Figure 2), which has a larger diameter than 
that of the gate 34, the guide aperture 964 has the same diameter as the gate 
34. The guide aperture 964 has an upstream portion 964a and a downstream 
portion 964b. The upstream portion 964a may be coned to facilitate guiding 
of the valve pin 16 into alignment with the gate 34. The downstream portion 

15 964b may be cylindrical and may be adapted to cooperate with the guiding 
surface 38 on the valve pin 16. 

[0089] The valve pin 962 may be similar to the valve pin 16 (Figure 2), 
except that the valve pin 962 has a body 966 and a tip 968, which may have 
the same diameter. On the tip 968 is a sealing portion 968a, a bottom face 
20 968b, and an edge 968c. 

[0090] When the valve pin 962 is moved towards the gate 34, the tip 
968 enters the guide aperture 964 and cooperates therewith to align the valve 
pin 962 with respect to the gate 34. Because the tip 968 both aligns the valve 
pin 962 with the gate 34 and seals with the gate 34, the guide aperture 964 
25 has the same diameter as the gate 34. Also, because the tip 968 aligns and 
seals with the gate 34, the edge 968c is preferably chamfered. 

[0091] As a further consequence of the tip 968c both aligning and 
sealing with the gate 34, the tip 968c will incur wear and will require eventual 
replacement. The gate 34 remains protected from damage due to the 
30 presence of the valve pin guide 960, however. 
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[0092] By providing a valve pin guide in accordance with the present 
invention, the wear that would otherwise occur in the gate. Furthermore, by 
making the valve pin guide separate from the gate-containing component and 
separate from the nozzle, the valve pin guide can be replaced without 
5 requiring the replacement of either of those components. 

[0093] Having the valve pin guide be aligned separately from the 
nozzle eliminates a potential source of inaccuracy in the alignment of the 
valve pin guide with respect to the gate, namely manufacturing errors and 
tolerances in the nozzle. This, in-turn, reduces the need to 'custom-make 1 the 
10 mold cavity block to suit the errors in each nozzle's manufacture. 

[0094] Furthermore, the nozzles can be subject to thermal expansion 
during an injection molding cycle and can move laterally by an unspecified 
amount during the expansion. The valve pin guide can correct any 
misalignments due to this lateral movement to ensure that the valve pin does 
1 5 not damage the gate of the mold cavity. 

[0095] Reference has been made in the above embodiments to 
diameters in relation to several components and parts thereof, such as, valve 
pins, valve pin guides, and gates. It will be appreciated that the shapes of 
these components do not by necessity have to be cylindrical or circular as the 
20 case may be. These components may have other shapes and still fall within 
the scope of the invention . 

[0096] It will be appreciated that the injection molding apparatus 10 
may be any type of injection molding apparatus, such as, for example, a 
single cavity machine, a multi-cavity machine (as shown), a co-injection 
25 machine, or a stack-mold machine. 

[0097] While the above description constitutes the preferred 
embodiments, it will be appreciated that the present invention is susceptible to 
modification and change without departing from the fair meaning of the 
accompanying claims. 
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Claims: 

1 . A valve pin guide for guiding a valve pin from a nozzle into a gate for a 
mold cavity in an injection molding apparatus, said valve pin guide defining a 
guide aperture therethrough, said guide aperture being adapted to receive 
and guide said valve pin into alignment with said gate, said valve pin guide 
being positionable downstream from said nozzle and upstream from said 
gate. 

2. A valve pin guide as claimed in claim 1, wherein said gate is defined in 
a mold component, and said valve pin guide has a sealing surface, wherein 
said sealing surface is adapted to cooperate with said mold component to 
seal against melt leakage around said gate. 

3. A valve pin guide as claimed in claim 1 , wherein said valve pin guide is 
removably positionable downstream from said nozzle and upstream from said 
gate. 

4. A valve pin guide as claimed in claim 1, wherein said valve pin guide 
comprises a guiding portion in which said guide aperture is defined, wherein 
said guiding portion is made from a guiding portion material having a first 
thermal conductivity, said guiding portion is adapted to contact said nozzle, 
and said valve pin guide further comprises an insulating portion, wherein said 
insulating portion is made from an insulating portion material having a second 
thermal conductivity, wherein said second thermal conductivity is lower than 
said first thermal conductivity and wherein said insulating portion is adapted to 
contact said mold cavity block. 

5. A valve pin guide as claimed in claim 4, wherein said valve pin guide is 
adapted to slidably contact said nozzle, to accommodate thermal expansion 
and contraction of said nozzle during an injection molding operation. 
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6. A valve pin guide as claimed in claim 1, wherein said nozzle has a tip 
that is made from a tip material having a first thermal conductivity, and said 
valve pin guide is made from a valve pin guide material having a second 
thermal conductivity and said second thermal conductivity is less than said 
first thermal conductivity. 

7. An injection molding apparatus, comprising: 

at least one nozzle, wherein said at least one nozzle defines a nozzle 
melt passage therethrough, and wherein said nozzle is positionable so that 
said nozzle melt passage is downstream from a melt source; 

a mold cavity block defining at least one mold cavity and a gate into 
said at least one mold cavity, wherein said gate is positioned downstream 
from said nozzle melt channel; 

a valve pin, wherein said valve pin is movable in said nozzle melt 
channel to open and close said gate; and 

a valve pin guide, wherein said valve pin guide is positioned 
downstream from said nozzle and upstream from said gate, and wherein said 
valve pin guide defines a guide aperture therethrough, and said guide 
aperture is adapted to receive and guide said valve pin into alignment with 
said gate. 

8. An injection molding apparatus as claimed in claim 7, wherein said 
valve pin guide is in contact with said mold cavity block. 

9. An injection molding apparatus as claimed in claim 7, wherein said 
valve pin guide is connected to said mold cavity block. 

10. An injection molding apparatus as claimed in claim 7, wherein said 
valve pin guide is removably connected to said mold cavity block. 

11. An injection molding apparatus as claimed in claim 7, wherein said 
valve pin is movable to an open position to permit melt flow into said mold 
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cavity, and wherein in said open position, said valve pin is spaced from said 
guide aperture. 

12. An injection molding apparatus as claimed in claim 7, wherein said 
valve pin has a sealing surface, wherein said sealing surface is adapted to 
form a seal with said gate to prevent melt flow therebetween, and said valve 
pin has a guide surface, wherein said guide surface is adapted to cooperate 
with said guide aperture on said valve pin guide to align said valve pin with 
said gate prior to said sealing surface contacting said gate. 

13. An injection molding apparatus as claimed in claim 12, wherein said 
sealing surface on said valve pin is a separate surface from said guide 
surface. 

14. An injection molding apparatus as claimed in claim 7, wherein said 
gate is defined in a separate gate-containing component from said 
surrounding portion of said mold cavity block. 

15. An injection molding apparatus as claimed in claim 7, wherein said 
nozzle has a tip that is made from a tip material having a first thermal 
conductivity, and said valve pin guide is made from a valve pin guide material 
having a second thermal conductivity and said second thermal conductivity is 
less than said first thermal conductivity. 

16. An injection molding apparatus as claimed in claim 15, wherein said 
nozzle has a nozzle body and said tip is attached to said nozzle body. 

17. An injection molding apparatus as claimed in claim 7, wherein said 
valve pin guide has a sealing surface, wherein said sealing surface is adapted 
to cooperate with said mold component to seal against melt leakage around 
said gate. 
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18. An injection molding apparatus as claimed in claim 7, wherein said 
valve pin guide is adapted to slidably contact said nozzle, to accommodate 
thermal expansion and contraction of said nozzle during an injection molding 
operation. 

19. An injection molding apparatus as claimed in claim 7, wherein said 
valve pin guide comprises a guiding portion in which said guide aperture is 
defined, wherein said guiding portion is made from a guiding portion material 
having a first thermal conductivity, said guiding portion is adapted to contact 
said nozzle, and said valve pin guide further comprises an insulating portion, 
wherein said insulating portion is made from an insulating portion material 
having a second thermal conductivity, wherein said second thermal 
conductivity is lower than said first thermal conductivity and wherein said 
insulating portion is adapted to contact said mold cavity block. 

20. An injection molding apparatus as claimed in claim 19, wherein said 
valve pin guide is adapted to slidably contact said nozzle, to accommodate 
thermal expansion and contraction of said nozzle during an injection molding 
operation. 

21. An injection molding apparatus as claimed in claim 7, further 
comprising a resilient member, wherein said resilient member is positioned 
between said nozzle and said valve pin guide. 

22. An injection molding apparatus as claimed in claim 7, wherein said 
valve pin guide is attached to said nozzle. 

23. An injection molding apparatus, comprising: 

a mold cavity block, wherein said mold cavity block defines a mold 
cavity therein, said mold cavity has a gate, wherein said mold cavity block has 
a first bore and a second bore, wherein said gate is positioned in said second 
bore and wherein said first bore is larger in diameter than said second bore; 
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an injection nozzle, wherein a melt channel is defined in said injection 
nozzle to convey melt towards said gate; 

a valve pin, wherein said valve pin is positioned at least partially in said 
melt channel and is movable to control melt flow into said gate; and 

a valve pin guide, wherein said valve pin guide is adapted to receive 
and guide said valve pin into alignment with said gate, and wherein said valve 
pin guide is positioned in said first bore. 

24. An injection molding apparatus according to claim 23, wherein said 
second bore is in fluid communication with said melt channel so that said 
second bore substantially fills with melt during an injection molding operation, 
to insulate said at least one valve pin. 

25. An injection molding apparatus according to claim 23, wherein a 
shoulder separates said first and second bores, and said valve pin guide is 
adapted to seal against said shoulder. 

26. An injection molding apparatus according to claim 23, wherein said 
nozzle includes a sealing surface, and said sealing surface is adapted to 
cooperate with said first bore to inhibit melt leakage therebetween. 
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